Abstract: This study was undertaken to derive and analyze the Advanced Microwave Scanning
Introduction

22
Sea surface temperature (SST), one of the ten ocean surface Essential Climate Variables (ECVs) than one spectral channel (discussed in Section 2.1), each with its own footprint, and/or on additional 82 processing, such as averaging. Table 1 . For additional 97 details with regard to the footprint, please see [13] . As noted in the introduction, there is likely a 98 difference between the SST footprint and the footprint of the primary spectral channel contributing to 99 the retrieval.
100
The scan geometry of the instrument in orbit is shown in Fig. 1 . The satellite orbit height is 101 705 km, the ground incidence angle is 55°, and the observation angle range is from -61°to +61°. In 102 one scan, AMSR-E samples 243 cell footprints for each of the frequency bands except for the 89 GHz 103 band, for which it samples at twice the frequency.
104
In this study, we use SST fields obtained with version-7 (v7) of the AMSR-E algorithm developed 105 by RSS. This algorithm simultaneously determines water vapor, cloud liquid water, precipitation, 106 sea surface wind speed (WS) and SST using brightness temperature measurements from all spectral temperatures for each of the spectral channels to match the resolution of the 6.93 GHz channel [14].
118
The SST is then retrieved using a physically based two-stage regression algorithm that expresses SST between the semi-major axis of the AMSR-E spectral footprints and the MODIS scan geometry. Note that a matchup could also have been defined with one of the axes perpendicular to 166 the AMSR-E scan line at the pixel of interest, however, this would have entailed a more complex 167 subsampling of the MODIS data. Furthermore, it was not known at the outset whether or not the
168
AMSR-E SST footprint would be aligned with the AMSR-E spectral footprints. Number of matchups (logarithmic scale) 
Footprint estimation approach
180
To determine the AMSR-E SST footprint, we adopt a linear least-square method as described below, (M), can be written as: 
or more compactly as:
where H is the footprint vector containing the weighting elements. A more realistic representation, i.e., one including AMSR-E measurement noise , can be written as:
Eq. 3 simply identifies a regression relation between A and M; i.e., the SST of every AMSR-E pixel is seen from the region. We therefore add the constraint that all elements of H must be positive:
In addition, assuming that there is no bias between the AMSR-E field and the MODIS field, the elements 
Subject to these constraints our least squares problem becomes: Eqn. 7 using the reduced matchup dataset. The resulting footprint is then obtained by averaging the 225 individual bootstrap solutions. The following pseudo-code illustrates the scheme: retrieved for three different sets of parameters (R; n) = (1; 250, 000), (1; 2, 000), (2, 000; 2, 000). Fig. 5a 244 shows the imposed footprint, which we aim to reconstruct, used to generate the AMSR-E samples (Fig. 6e ). 
264
Samples near the edge of the swath were not included in the analysis as they do not meet the quality across-track direction with a concomitant increase in intensity -recall that the weighting function 278 must sum to 1.0 (Eq. 7) so the increase in intensity is consistent with the narrowing of the footprint.
279
The varying rotation angles results from the non-alignment of scan lines of the two sensors shown in given location is determined by the contribution of the sub-resolution MODIS SST element to the AMSR-E
283
SST at the same location. Consequently, the larger the pixel size the more intense the contribution.
284
Reassuringly, the footprints do not show a significant change in size in the along-track direction.
285
In the previous paragraph, we found that the retrieved footprint depended on the AMSR-E 286 cell position and on the size of MODIS pixels. In order to remove these dependencies, so that the 287 across-track footprint properties can be better studied and a mean footprint derived, the following 288 correction procedure was undertaken. First, we applied a 4 × 4 pixel moving average to the 289 across-track footprints (Fig. 8) This is also the footprint that we recommend using in other studies requiring knowledge of the 302 characteristics of the AMSR-E SST footprint. To facilitate quantitative comparisons, we render the 303 reference footprint in functional form. Specifically, a curve of the form:
has been fit, in a least squares sense, to the retrieved mean AMSR-E footprint (Fig. 10) . The best fit footprints were estimated using the procedure described above, normalized and averaged to obtain begin with the MAPE statistic, defined as follows:
where f is the footprint to evaluate (e.g., retrieved at a particular cell position) andf is the reference σ 1 is the length of the semi-major axis and σ 2 that of the semi-minor axis. The 0.002 contour line 349 used in these fits corresponds to one half of the maximum value of the mean footprint (half of the 350 fitted value of a in Eqn. 9). The same procedure, applied to the mean footprint (Fig. 10) , resulted in 351 an aspect ratio of 1.58; somewhat smaller than the 1.7 value of the AMSR-E 6.93 GHz bands. 
Discussion
357
The reference footprint, obtained by averaging the retrievals across all the cell positions, is Fig. 9 , year-by-year shown in Fig. 12 and (c) those calculated as a function of latitude in Fig. 11 . The mean aspect ratio value corresponding to the ellipse fitted to the footprint shown in Fig. 10 is plotted in red. The theoretical value corresponding to the 6.93 GHz channel aspect ratio is plotted in yellow (≈ 1.7).
suggesting that it is a good first choice for the SST the "footprint" of the AMSR-E pixel were averaged. The AMSR-E field is shown in Fig. 15a . The MODIS 370 field, averaged to the AMSR-E field using the 56 × 56 km square footprint, is shown in Fig. 15b and   371 the MODIS field, averaged to the AMSR-E field using the footprint of Fig. 10 is shown in Fig. 15c . The 372 difference field for the 56 × 56 km footprint is shown in Fig. 15d and that for the footprint of Fig. 10 373 is shown in Fig. 15e . The difference field associated with the 56 km footprint shows structure not in Finally, although we obtained the AMSR-E SST footprint through use of the simultaneous MODIS
376
SST product, we do not believe that the simultaneity of the observations is critical. One could use SST 377 products from other high resolution infrared sensors as long as the time separating the observations is 378 less than six hours. The important consideration here is to avoid times when the surface temperature 379 is changing rapidly, specifically during daylight hours hence the six hour constraint. There must, of 380 course, also be a large number of matchups with whatever sensor is being used to obtain the footprint.
Conclusion
382
The constraint least square method has been applied to a large AMSR-E-MODIS matchup dataset 383 to estimate the footprint (the weights of sub-resolution pixels within a given pixel) of the L2 AMSR-E
384
SST product produced by Remote Sensing Systems. This was done based on the higher resolution L2 
